Introduction-To examine the contribution of trauma exposure to cannabis initiation and transition to first cannabis use disorder (CUD) symptom in African-American (AA) and EuropeanAmerican (EA) emerging adults.
Introduction
Cannabis is currently the most used illicit drug and most prevalent illicit substance use disorder (Hall, 2009 ; Substance Abuse and Mental Health Services Administration (SAMSHA), 2014). Over half of emerging adults (18-25 year old) report using cannabis in their lifetime (SAMSHA, 2014) and the past-year prevalence of both cannabis use (Grucza et al., 2016; Hasin et al., 2015) and cannabis dependence has increased in the past decade (Hasin et al., 2015) . Even more staggering, over a 10-year period, steep increases have been recorded in the prevalence of cannabis use among women (from 2.6% to 6.9%; Hasin et al., 2015) . Significant gender differences in substance related etiology, epidemiology, and cooccurring psychopathology are evident (Tuchman, 2010) while research focused on cannabis pathology in women is sparse (Fattore et al., 2008; Hayaki et al., 2010) . Racial factors are also important to consider as increases in both cannabis use and cannabis use disorder (CUD) in African-Americans have been reported, with cannabis use increasing from 4.7% to 12.7% and CUD from 1.8% to 4.6% between 2001 and 2013 (Hasin et al., 2015) . Furthermore, CUD and cannabis use-particularly early initiation of cannabis use-is linked to a host of deleterious outcomes including psychiatric symptoms (i.e., anxiety and depression) and use of other drugs (Compton et al., 2011; Davis et al., 2013; Hall, 2009; Patton et al., 2002; Volkow et al., 2014) . Taken together, these data point to the importance of considering cannabis initiation and CUD as a public health concern and provide a compelling rationale for developing gender-and race-specific etiological models of cannabis involvement.
Cannabis involvement and the contribution of trauma exposure
Trauma exposure is a well-established risk factor for substance use and related problems in adolescents (Duncan et al., 2008; Kendler et al., 2000; Kilpatrick et al., 2000; Molnar et al., 2001; Nelson et al., 2002; Sartor et al., 2013b; Sullivan et al., 2004; Walsh et al., 2014; Zinzow et al., 2009) . Childhood assaultive trauma such as sexual abuse and physical abuse have been the most investigated (Caetano et al., 2003; Sartor et al., 2015) , but non-assaultive trauma (i.e., witnessing violence, accidents and natural disasters) have also been found to increase substance-related behaviors, although the data are less consistent (Cerda et al., 2011; Hasin et al., 2007; Keyes et al., 2011; North et al., 2004) . Most epidemiologic research has focused primarily on the association between trauma and alcohol related outcomes with studies specifically investigating the relationship of trauma exposure and cannabis outcomes has been scarce (Cougle et al., 2011; Kevorkian et al., 2015; Sartor et al., 2015) . Studies which have focused on cannabis outcomes have revealed that exposure to a traumatic event alone and PTSD have both been associated with cannabis outcomes. Cougle et al. (2011) found a significant association between lifetime PTSD and cannabis use when adjusting for co-occurring psychopathology and trauma frequency. Trauma was also associated with cannabis use but specific type of trauma was not considered. Additionally, a recent investigation revealed a graduated relationship between trauma exposure and cannabis phenotypes: overall lifetime trauma exposure was significantly associated with cannabis use but not CUD, while PTSD was associated with CUD but not cannabis use (Kevorkian et al., 2015) . However, the extant epidemiologic literature linking cannabis and trauma-related factors has relied on cross-sectional analyses (Cougle et al., 2011; Kevorkian et al., 2015) limiting the ability to differentiate antecedent from consequent events. Some literature suggests that substance use can increase the likelihood of later trauma exposure and that the relationship is bi-directional (Thompson et al., 2008) , emphasizing the need to examine the relationship while considering temporality to better establish causation. Additionally, although the literature supports a clear relationship between trauma pathology and cannabis use, the existing literature often relies on the co-occurrence of PTSD and CUD, neglecting to consider the unique impact of trauma exposure independent of PTSD diagnosis, the contribution of different trauma exposures, and different levels of cannabis involvement as outcomes.
Role of race/ethnicity
Racial differences between African-American (AA) and European-American (EA) women in patterns of cannabis and other substance use are also important to consider. Racial disparities in trauma exposure and prevalence of cannabis use (Compton et al., 2004; Finlay et al., 2012) have been identified. African-American women are disproportionately exposed to traumatic stress and report higher rates of psychopathology (i.e., posttraumatic stress disorder (PTSD), major depression (MDD) (Duncan et al., 2014; McCutcheon et al., 2010; Roberts et al., 2011) ). Research has shown differential patterns of cannabis use exist between African-American and European-American samples: AAs are more likely to use cannabis first (as opposed to alcohol (Sartor et al., 2013a) ) and to use cannabis into adulthood (Finlay et al., 2012) . Furthermore, rates of cannabis use disorder are increasing more quickly in AAs (Compton et al., 2004; Hasin et al., 2015) . Unfortunately, AA women have been underrepresented in substance-related studies, which limit the examination of racial differences in the influence of environmental factors on multiple cannabis related phenotypes. Research has also shown differences in the impact of childhood sexual abuse (CSA) on cannabis involvement between AA and EA women (Sartor et al., 2015) . A recent investigation linked CSA to cannabis initiation and transition to first problem (after taking into account familial risk; Sartor et al., 2015) . European-Americans with a history of CSA were at consistently higher risk for cannabis use and transition to problem use. Within AA respondents, the association between CSA and cannabis outcomes varied by developmental period. Childhood sexual abuse increased risk for cannabis use at highest magnitude at ages ≤14 and increased risk for cannabis problem at highest magnitude at ages ≥21. Thus, existing environmental etiological models of cannabis involvement do not appear to fit as well for AA as EAs. Understanding how race can impact cannabis initiation and problem development and how trauma exposure plays a role in initiation and transition to problems is essential for developing culturally sensitive, competent, and effective prevention and intervention strategies.
Current study
The current report investigates racial differences in the development of cannabis use and problem use in EA and AA women. The aims of the current study are to a) characterize racial differences in cannabis involvement and cannabis risk factors; b) examine racial differences in the risk conferred by specific trauma exposure for cannabis use and time to first cannabis use disorder (CUD) symptom while also considering the contribution of other substance involvement and psychopathological risk factors.
Methods
Detailed descriptions of the Missouri Adolescent Female Twin Study (MOAFTS) methods have been previously reported Waldron et al., 2013) , with summaries pertaining to the current investigation provided. Procedures for MOAFTS were approved by the Human Research Protections Office at Washington University.
Participants
Missouri Adolescent Female Twin Study is a longitudinal investigation of alcohol-related problems and associated psychopathology in female adolescence and young adults. Twins born to Missouri-resident parents between July 1, 1975 and June 30, 1985 were identified through birth records and recruited from 1995 to 1999. Cohorts of 13, 15, 17, and 19 yearold twin pairs and their families were ascertained. Parental diagnostic interviews were collected at baseline in 78% of the families recruited and found eligible for participation. Baseline (Wave 1) interviews were completed with 3258 twins. Wave 3 retest interviews were conducted with a subset of Wave 1 participants (n = 1370) two years after Wave 1 assessments. (Data were not drawn from Wave 2 interviews, as they did not cover all domains of interest.) Wave 4 assessments were conducted from 2002 to 2005 with 3787 participants (80% of twins identified from birth records) and contained detailed trauma history assessment. Data from Waves 1 and/or 3 were available for 95.5% of Wave 4 participants which included 2176 monozygotic (57.5%) and 1611 di-zygotic (42.5%) female twins. Ages of the female participants at the time of Wave 4 interview ranged from 18 to 29 years (M = 21.7; SD = 2.76); 14.6% percent of participants identified as African-American (AA) and 85.4% as European-American (EA).
Procedure and assessment battery
Data were collected by trained interviewers using an interview modified for telephone administration from the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA; Bucholz et al., 1994) . The SSAGA was designed to assess the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV; American Psychiatric Association, 1994) substance use and other psychiatric disorders and related psychosocial domains. Consent was obtained verbally prior to the start of the interview. All available data from waves 1, 3 and 4 were utilized and collapsed across waves for purpose of analysis. The first reported age of onset given for trauma exposures, cannabis involvement, and other individual level covariates was utilized in analyses.
2.2.1. Cannabis related behaviors-Cannabis initiation was defined as the first time the participant ever used cannabis with age of onset recorded as the earliest age this first occurred. For those who endorsed ever using cannabis at more than one assessment, Cronbach alpha for age of first cannabis initiation was 0.90, indicating high test-retest reliability across waves 1, 3, and 4. As there is no standard definition of early cannabis initiation, we chose the lowest third of the age at initiation distribution (age 15 or younger) to represent early use relative to same sex peers. First CUD symptom was coded positive for individuals who endorsed one or more symptom of cannabis abuse or dependence with age at first CUD symptom derived from reported age(s) that each endorsed symptom was first experienced.
2.2.2.
Trauma exposure-Trauma exposure history was assessed using a checklist of traumatic events adapted from the Revised Diagnostic Interview Schedule (Robins et al., 1985) used in the National Comorbidity Survey (Kessler et al., 1995) . Respondent booklets were mailed prior to the interview and included a list of traumatic events. Participants were asked whether they had experienced each of the traumatic events listed in the respondent booklet and were instructed not to report the same event twice. Age at first experience of each endorsed event was queried. Traumatic experiences included childhood sexual abuse (CSA), childhood physical abuse (CPA), witnessing injury or death, life threatening accident, and natural disaster. Additional questions using behavioral descriptions of experiences consistent with childhood sexual or physical abuse were asked by the interviewer using the questions from the SSAGA with endorsement of one or more questions coded as a positive for CSA or CPA respectively (see Table 1 ). Ages of onset were defined as age of first reported experience for each event.
2.2.3. Covariates-As co-occurring substance use (Guxens et al., 2007) and psychopathology (Kedzior and Laeber, 2014) have been associated with cannabis involvement, alcohol use, tobacco use, posttraumatic stress disorder (PTSD) and major depressive disorder (MDD) were considered as covariates in the current investigation. Tobacco initiation (age of onset) was defined as the age at which the participant first ever used/tried tobacco. Alcohol initiation (age of onset) was defined as the age at which the participant first consumed a full alcoholic beverage. Posttraumatic Stress Disorder diagnosis reflects DSM-IV criteria and was assessed querying the traumatic event reported as most disturbing which also resulted in feelings of "intense fear, helplessness, or horror." Individuals who reported no trauma or disturbing feelings were coded as negative for PTSD. Age at onset of PTSD was defined as age at first symptom that lasted at least 1 month. Major Depressive Disorder criteria was met if dysphoria or anhedonia were reported as occurring for more than 2 weeks along with DSM-IV criteria for 5 or more major depressive symptoms during the same 2-week period with age of onset defined as age when first met full criteria. Parental characteristics: To account for the impact of socio-economic status, parental education was included in models as a proxy. Individual variables representing mother's and father's education levels were created by dummy-coding parental reports on whether each parent had completed high school (with more than high school as the reference variable). As maternal smoking has been strongly associated with young adult cannabis involvement (Hayatbakhsh et al., 2009) , history of maternal nicotine dependence was considered and coded from maternal-report of nicotine dependence assessed in the parent interview in accordance with DSM-IV criteria.
Data analysis
2.3.1. Cannabis involvement, psychopathology, and trauma exposure by race -Chi-square tests of association were conducted to test for differences in rates of use and endorsement of CUD symptoms (one or more) by race/ethnicity within the AA and EA subsamples. Independent t-tests were conducted to test for differences in age at first use, age at onset of first CUD symptom, rate of transition from first use to first symptom by race/ ethnicity. Chi-square tests of association to test for differences in rates of PTSD, MDD, and trauma exposure by race were also conducted. All analyses were conducted taking familial clustering into account using the cluster command as implemented in Stata (StataCorp, 2007) .
2.3.2.
Predicting initiation of cannabis use and onset of CUD symptoms with trauma exposure-Cox proportional hazards (pH) regression analyses were conducted to predict initiation of cannabis use and transition from cannabis initiation to onset of CUD symptoms. Age at first cannabis use was the entry point in the CUD symptom onset analyses. Cox pH regression analyses account for the possibility that participants who have not yet experienced the event of interest (e.g. initiation of cannabis use) may do so in the future. Under this approach, data up until the time of censoring (most recent interview) is used in the calculation of hazard ratios. The pH assumption that risk remains constant over time was tested with the Grambsch and Therneau test of the Schoenfeld residuals (Grambsch and Therneau, 1994) , violations of the assumption were corrected with age specific interactions, which can reveal the extent to which risk associated with trauma varies across the period of risk (e.g., whether trauma exposure is a predictor at certain ages). Trauma exposures, PTSD, MDD, tobacco and alcohol involvement were modeled as time-varying covariates coded as negative in each year prior to the age at first occurrence and positive for that year and each subsequent year, so that only covariates preceding the outcomes were considered informative. Analyses were conducted in Stata (StataCorp, 2007) using HuberWhite robust standard errors to adjust for the non-independence of observations in twins. Violations of the pH assumption were resolved by estimating piecewise hazard ratios (HRs) for each age ranges of ≤14, 15-18, and ≥19. All analyses were adjusted for age at most recent interview, maternal nicotine dependence, and parental educational attainment. Additionally, the CUD symptom onset analyses included early cannabis use status as a covariate.
As a primary goal of this study was to investigate racial differences in cannabis involvement, Cox regression analyses testing the interaction of race and trauma type were conducted. As race was revealed as a significant predictor of both cannabis initiation and transition to a CUD symptom and significant interactions were found for race with sexual abuse, physical abuse, and experiencing an accident, further analyses were stratified by race to investigate the unique trauma-related etiologic models for cannabis involvement in EA and AA subsamples.
Results

Cannabis involvement, psychopathology, and trauma exposure by race
No differences were discovered between AA and EA women in cannabis use, first age of initiation, age at first CUD symptom, or transition time from first use to first CUD symptom (Table 2 ). However, of those who had used cannabis, AA women were significantly more likely to experience a CUD problem (X 2 = 7.95, p = .009) than their EA counterparts. AAs were also more likely to be diagnosed with PTSD [total sample: (X 2 = 16.25, p < .001); trauma-exposed: (X 2 = 4.86, p = .04)] and MDD (X 2 = 9.13, p = .004). AAs reported a higher prevalence of sexual abuse (X 2 = 17.15, p < .001), physical abuse (X 2 = 162.70, p <. 001), witnessing injury or death (X 2 = 45.54, p < .001), and experiencing a life threatening accident (X 2 = 20.88, p < .001) than EA women. No differences were found in prevalence of experiencing a natural disaster between EA and AA women. (Table 3 and Fig. 1 ). Posttraumatic stress disorder did not significantly increase the hazard for cannabis initiation in EA or AA women.
Cox regression for cannabis initiation and onset of first CUD symptom
When considering transition from first use to first CUD symptom, survival analysis revealed significant predictors in EA women only. Physical abuse predicted transition across the risk period [HR = 1.34, 95%CI: (1.02-1.78)] and MDD increased the hazard of transition to first CUD symptom prior to age 19 [HR = 1.86, 95%CI: (1.24-2.79)] (Table 4) . No trauma exposure, psychiatric disorder, or substance use conferred risk for transition to first CUD symptom in AA women, although, PTSD diagnosis did reach trend level for transition to first CUD symptom in both EA and AA women.
Discussion
We investigated cannabis involvement and the contribution of trauma exposure to cannabis initiation and transition to cannabis problems in EA and AA women. The likelihood of developing CUD symptoms was higher in AA than EA women who had tried cannabis, but no differences between rates of cannabis initiation or ages of onset for cannabis initiation, time of first CUD symptom, transition time from cannabis initiation to first cannabis problem were discovered. AA women did report elevated rates of PTSD, MDD, and trauma exposure (with the exception of experiencing a disaster) as compared to their EA counterparts.
Consistent with the limited extant literature linking cannabis involvement and trauma exposure, for both AA and EA women, we found trauma exposure increased the hazard for cannabis initiation − although the trauma type conferring the risk was not consistent across races. With the exception of physical abuse in EA women, the increase in hazard associated with each trauma exposure did not persist when transitioning to first CUD symptom. These findings build on previous research (Cougle et al., 2011; Kevorkian et al., 2015; Sartor et al., 2015) by examining the effects of trauma exposure types and considering the transition to first CUD problem from cannabis initiation as opposed to starting our analyses at birth. By doing so, we were able to parse out the effects of trauma exposures on cannabis use from those on conditional progression to first CUD symptom. The current findings suggest, in general, trauma exposure may most strongly impact initiation of cannabis use with diminished associations at more pathological levels of use. Our findings further previous reports by Kevorkian and colleagues (2015) who suggested a graduated relationship between trauma and cannabis involvement. They found any life-time trauma exposure to be significantly associated with cannabis use and PTSD to be associated with CUD with only a marginal relationship between trauma exposure and the more severe cannabis pathology. Although not significant in our analyses, a trend to association between PTSD and transition to a CUD symptom was revealed in both EA and AA women, which is suggestive of a potentially significant relationship. Our findings are consistent with the supposition that cannabis use is initiated following the trauma as a possible means of self-medication to relieve the general distress surrounding a traumatic event (Bonn-Miller et al., 2010 , 2007 .
Interestingly, racial differences in the type of trauma, psychopathology, and developmental period of risk associated with cannabis initiation and transition to first CUD problem were discovered. Although sexual abuse was determined to increase risk for cannabis initiation in both AA and EA women, the risk conferred for cannabis initiation in AA women was significant only prior to 15 years of age. This difference may be partially explained by reports that AAs are more likely to initiate cannabis first while EAs often use alcohol as their first substance (Sartor et al., 2013a) . That is, AAs that experience childhood sexual abuse may be more likely to initiate cannabis while EAs may be more prone to use alcohol or other substances. Additionally, cannabis use may be more normative and easily accessible in some populations, increasing the likelihood of use at an early age. Witnessing another person being killed or injured and experiencing a life threatening accident were associated with cannabis initiation in AA women only. Physical abuse and MDD were discovered as risk factors for both cannabis initiation and transition to cannabis-related problems but only in the EA women, suggesting distinct risk factors for EA women illuminating a possible point of intervention for these individuals. A possible explanation for differences in hazard associated physical abuse may be due to differences in acculturation of physical punishment. Previous research supports variations in cultural norms pertaining to the use of physical discipline (Deater-Deckard et al., 2003) and AA parents have been reported to be more likely to use harsh physical discipline as compared to EA parents (Zolotor et al., 2008) . Furthermore, in a partially overlapping study, AAs were found to be more likely than EAs to endorse behavioral questions querying physical abuse not directly labeling the experience as traumatic (Unpublished results). Therefore the experience, although termed physical abuse, may not have been interpreted as such by the participant. Therefore increased risk of cannabis involvement might not be expected. Overall, these differences in trauma associated risk are difficult to interpret as we would have expected larger hazards associated trauma for EAs compared AAs given the overall higher rates of trauma exposure in the AA sample. A possible explanation for racial differences could be linked to differential levels of support following trauma exposure. African Americans are less likely to seek treatment following a trauma exposure (Roberts et al., 2011) . As such, they may experience prolonged distress associated with the trauma as compared to those who do receive treatment and subsequently use cannabis to alleviate the distress. As the main focus on MOAFTS was substance related, treatment seeking following a trauma exposure was not assessed, but would be a valuable factor to consider in future investigations.
Additionally, the degree of stability in the relationship between alcohol and tobacco use and cannabis initiation differed in EA vs. AA women. In AA women, alcohol and tobacco use conferred a consistent, significant risk for cannabis initiation across the period of risk, whereas the association between alcohol and tobacco use and cannabis initiation in EA women was unstable. For alcohol, before the age of 15 and after the age of 18 no significant association was revealed for cannabis initiation; however a substantial risk was associated with alcohol use for cannabis initiation between 15 and 18 years old in the EA women. A similar pattern emerged for tobacco use with the highest hazard for cannabis initiation during adolescent years for EA women but a consistent increase in risk in AA women. These findings indicate the risk conferred by use of alcohol and tobacco are specific to early initiation in EAs but in AAs-who initiate alcohol and tobacco later and in which use is slightly less normative-use at any age may contribute to pathological outcomes. This is consistent with previous findings in a partially overlapping sample which reported AA women are more likely to use cannabis before alcohol or tobacco and first use substances at a later age and for longer than EA women (Sartor et al., 2013a) .
Limitations and future directions
As the aim of the current investigation was to characterize the impact of trauma exposure on cannabis involvement, the current study did not investigate if cannabis involvement increased the risk of experiencing a trauma. That is, cannabis use may increase the risk for additional trauma exposure by increasing the likelihood of high-risk behaviors (BaskinSommers and Sommers, 2006) . Secondly, the current study coded each trauma type as positive at the first age of onset not taking into account later additional exposures to the same trauma. Future research would benefit from a more fine-tuned consideration of trauma exposure assessment that assessed events occurring throughout the lifespan. Future research should query cannabis involvement and trauma exposure longitudinally, beginning in childhood, to allow for the examination of the impact trauma-related factors have on the trajectory of cannabis use and cannabis related pathology. Additional methodological limitations include the potential for recall bias of ages of onset for both substance and trauma related measures as well use of a Midwestern cohort that might not be generalizable to national and global populations. The current findings suggest etiological models of cannabis involvement for AA and EA women must be considered discretely as risk and protective factors may differ across race. However, future research would benefit from including a larger sample of AA women, as the current investigation was limited by AA sample size. Including a larger AA cohort would allow for the development of well powered, racially distinct etiological models of cannabis involvement. Lastly, the current findings cannot be generalized to men as men differ from women with respect to their experiences of trauma, reactions to trauma (Breslau, 2002; Tolin and Foa, 2006) and level of involvement in cannabis (Agrawal and Lynskey, 2007) .
Conclusion
The current investigation extends previous research by identifying unique trauma-related and psychiatric risk factors of cannabis involvement for AA and EA women. Our results highlight trauma exposure as a risk factor for cannabis initiation with tempered findings in more pathological cannabis involvement. Considering the impact of trauma exposure types, in addition to PTSD, on cannabis and other substance involvement is important to fully develop etiological models. The inclusion of a larger number of AAs and more specific trauma-related measures in a longitudinal design that can examine bi-directional influences of trauma exposure and cannabis involvement will provide further insight into the relationship between trauma exposure and cannabis use involvement. Kaplan-Meier failure estimates: probability of cannabis initiation as a function of race and a) alcohol use, b) nicotine use, and c) sexual abuse adjusting for all covariates included in the cox proportional hazard regression.
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Childhood Sexual Abuse
Parental Discipline and Early Childhood Experiences 1 Before you turned 16, was there any forced sexual contact between you and any family member like a parent or step-parent, grandfather, etc.? By sexual contact I mean their touching your sexual parts, you touching their sexual parts or intercourse.
2
Before you turned 16, was there any forced sexual contact between you and anyone who was 5 or more years older than you (other than a family member) ?
Health Problems and Health Habits
Has anyone ever forced you to have sexual intercourse?
Traumatic Events 1 Raped
2
Sexually molested (≥17 years of age)
Childhood Physical Abuse
Parental Discipline and Early Childhood Experiences 1 When you were 6-13, when you did something wrong, how often were you slapped by your (mother figure/father figure) ?
2 When you were 6-13, when you did something wrong, how often were you hit with a belt or a stick or something like that by you (mother figure/father figure) ?
3 When you were 6-13, how often did your (mother figure/father figure) physically punish you so hard that you hurt the next day?
4 When you were 6-13, were you injured or hurt on purpose by any adult? Examples of such injuries would include: broken bones, burns, being hit so hard you developed bruises, or any other physical injuries.
Traumatic Events 1
Physical Abuse "You were physically abused as a child" (≥17 years of age) 
